cardiac output reduction of each hypertensive group was greater than normal, but only orthostatic hypertensives responded with exaggerated increase in peripheral resistance. When supine, orthostatic hypotensives had lower cardiac indices and higher peripheral resistances than orthostatic hypertensives. When the three hypertensive groups were compared with respect to clinical features, orthostatic hypertensives had the least severe vascular disease; orthostatic hypotensives were the opposite extreme, and normal responders were intermediate. These peripheral resistance as did normotensive subjects or the normally responding hypertensives. Patients with orthostatic hypertension had greater increase of total peripheral resistance than normal subjects or the other hypertensive groups (P < 0.001 ).
Supine Hemodynamics
There was no significant difference in mean arterial pressure and heart rate among the three hypertensive groups, although patients with orthostatic hypotension had the highest supine mean arterial pressure, and all hyperCirculation, Volume XXXVI, September 1967 
Comparison of Clinical Characteristics
Having demonstrated supine and tilt hemodynamic differences among the three hypertensive groups, other features were compared which might indicate that these patients were clinically different (table 5) . Cardiomegaly was present in 22% of the orthostatic hypertensive patients, in 42% of the normallyresponding hypertensives, and in 70% of the orthostatic hypotensives. This same gradation Circulation, Volume XXXVI, September 1967 was found in incidence of history of malignant hypertension and congestive heart failure at the time of the first hospital admission. Thus, these abnormalities were least frequent in patients with orthostatic hypertension, intermediate in normal-responders, and most frequent in those responding with orthostatic hypotension.
Hypertension was of longer duration in patients responding normally to tilt than in orthostatic hypertensives, but this may be explained by the slightly younger age of the latter group (45 vs. 40 years, respectively). However, orthostatic hypotensives who had the most severe clinical history had the shortest duration of hypertension. Severity (table 5) .
Discussion
The response of mean arterial pressure to upright tilt has provided a means of classifying hypertensive patients into groups representing graded differences in autonomic function which correspond to differences in severity of the hypertensive disease. These findings apply to both hemodynamic and clinical characteristics. Thus, the responses of hypertensive patients to tilt could be divided into three groups, those responding with orthostatic hypertension, a normal tilt response, and orthostatic hypotension, which in that order, had progressively more severe hemodynamic and clinical characteristics.
All hypertensive patients when tilted had a greater fall in cardiac index than normal. The 10% fall which we observed during 50°u pright tilt in normotensive individuals is similar to that noted by Lee and associates,9 but less than that reported by others for the same degree of tilt.10-12 Nevertheless, the 31% reduction in cardiac output found in patients with orthostatic hypotension is 50% greater than the average fall for normals reported in the latter studies.10-12 Moreover those hypertensive patients who responded with an exaggerated increase in mean arterial pressure (orthostatic hypertensives) had the same degree of fall in cardiac index as hypertensive patients who responded normally, but they had a significantly greater increase in total peripheral resistance than normal subjects or the other hypertensive groups. We have restudied 30 of these patients and normal subjects on subsequent occasions, with intervals up to 20 months from the initial study, and the hemodynamic and tilt responses did not differ significantly. 13 When supine, orthostatic hypertensive patients had a significantly higher cardiac index than orthostatic hypotensives whose cardiac index was less than normal. This reduced cardiac index in orthostatic hypotensive patients explains the shorter ejection time since the latter is primarily dependent upon stroke volume8' 12 as heart rate was the same. The lesser left ventricular ejection rate of orthostatic hypotensive patients implies altered myocardial contractility in the absence of heart failure.8
With respect to clinical characteristics, patients responding to upright tilt with orthostatic hypotension had the highest severity indices, the most frequent history of malignant hypertension or cardiac failure, the highest diastolic blood pressures before initial treatment, and the greatest resistance to antihypertensive therapy. Orthostatic hypertensive patients were at the opposite extreme of the spectrum whereas normal-responding hypertensives were intermediate, suggesting that neurogenic activity is highest in mild hypertension and as hypertension worsens other mechanisms become active.
The finding that more severe hypertension is associated with decreasing response of pressure to upright tilt (orthostatic hypertension, normal tilt response, and orthostatic hypotension, in that order), suggested that supine hemodynamic characteristics may also reflect this progressive severity (table 4) .
Thus, when hypertension was most severe, Circulation, Volume XXXVI, September 1967 and neurogenic mechanisms seemed to play a lesser role (orthostatic hypotension), arterial pressure and peripheral resistance were highest while cardiac output and left ventricular ejection rate were least. These changes occurred without evidence of cardiac failure. Conversely, arterial pressure and resistance were lowest, and output and ejection rate highest in orthostatic hypertensives. Patients with normal responses to tilt were intermediate.
